A high population of spinach wilt fungus, Fusarium oxysporum f. sp. spinaciae, was found in the fields where F. oxysporum population was high. In rhizosphere soil around diseased spinach roots, about 69% of F. oxysporum isolates were pathogenic on spinach seedlings, and the highest population of the pathogen (6,600 propagules/g dry soil) was found. The population was relatively low in loam and loam clay soil, and also in drained rice paddy fields, but high in upland fields with light clay soil, especially in the field where spinach plant has been cultivated annually for over 6 years. The pathogen was also numerous in fields lower than 700m above sea level. The optimum temperature for hyphal growth of the pathogen was between 25 and 28C, and the wilt disease was severe above 25C. The occurrence of much large population of the pathogen and more severe wilt disease at the low-elevation areas might be due to the high soil temperature. The minimum spores to cause the wilt disease were between 10 and 100/g dry soil. The number of pathogen enough to cause the wilt disease was found in every field, even where the wilt incidence has never been found.
Introduction
In the previous paper6), we described for the pathogen and disease symptoms of spinach wilt occurred in a simple plastic house cropping in the mountainous district having cool summer in Gifu Prefecture.
Thereafter, the occurrence of this disease: has also been reported in summer spinach production areas in Japan3). Reyer10,11) reported the severe incidence of this disease in open field cropping in Ontario, Canada, and identified the pathogen as race 1 of F. oxysporum f. sp. spinaciae assigned by Armstrong and Armstrong1).
However, there are no informations on ecological aspects of the pathogen in soil. We reported here on the population of the wilt pathogen in fields differing in their soil types and cropping histories, and also its relations on the wilt incidence. 
Materials and Methods
Population counting and isolation of F. oxysporum. Soil samples used for population counting and isolation of F. oxysporum were collected, early in August, 1979, from three or four random sites in the respective spinach fields in plastic houses near Takayama City, Gifu Prefecture, and stored at 4C until assessed. The population of F. oxysporum in rhizosphere soil (RS) and non-rhizosphere soil (NRS) was estimated by a dilution plate method on Komada's selective medium4). All soil samples of RS and NRS were taken from around spinach roots at more than 5-Leaf stage. After removing root system from soil, NRS loosely adhering to the root was shaken off and the root was placed in 100ml of sterilized distilled water and allowed to stand for 30min, after then vigorously shaken for 2min to dislodge RS, twice at 5min intervals. One ml of the final dilution (1:100 and/or 1:1,000) was mixed thoroughly with the medium and incubated for 7 days at 25C. Water, in which roots being placed, was filtered through a filter paper (Toyo No.2) and the dry weight of RS for the sample plants was determined to calculate the final soil dilution. The results were shown as the average of 5 replicate of each sample.
Colonies of F. oxysporum selected at random were isolated from their hyphal tips and transferred to potato sucrose agar (PSA) slants for pathogenicity tests. At least, 20 isolates of F. oxysporum from each soil sample were tested in pathogenicity trials to identify spinach wilt pathogen.
The population of the wilt fungus was determined based on the percentage of the pathogenic isolates on spinach seedlings among F. oxysporum isolates. 
Results
The population of the wilt pathogen in spinach fields Populations of F. oxysporum and the wilt pathogen were determined in RS and NRS around diseased and healthy plants grown in each of three naturally infested and noninfested sobs where spinach plant has been cultivated annually for 5 years (Fig. 1) .
Populations of F. oxysporum and the wilt pathogen were always higher in naturally infested fields than in noninfested fields, and also in RS than in NRS irrespective of infection of the plant. Approximately 69%and 55% of F, oxysporum isolates from RS and NRS around diseased plants were pathogenic on spinach plant, respectively. The highest population of the pathogen (6, 600 propagules/g dry soil) was found in RS from diseased root. The wilt fungus population around disessd root was 2 times greater than that around healthy roots even in the same field. Whereas, 1,000 propagules of the pathogen/g dry soil in RS and 500 in NRS were estimated even where the wilt disease has never found. In noninfested fields, the percentage of the pathogen in tatal F. oxysporum decreased and only 20% and 14.3 of F. oxysporum were identified as the wilt pathogen in RS and NRS, respectively. Populations of F. oxysporum and the wilt pathogen in NRS around healthy spinach roots were also compared among 10 naturally infested fields.
Fields with different soil types and cropping histories were selected at higher or lower than 700m sea level where the wilt incidence was quite different ( Table 1) .
The wilt fungus population was high in the fields where F. oxysporum population The wilt fungus population was apparently high in upland fields, especially with light clay soil texture at below 700m elevation. In these fields, more than 40% of F. oxysporum isolates were pathogenic on spinach seedlings, and about 1,800 propagules of the pathogen/g dry soil were found. More than 2 times of the wilt fungus propagules were detected as compared with in drained rice paddy fields. The wilt pathogen was less common in loam and clay loam soils even in upland fields, and also at over 700m elevation.
The population of the pathogen was the highest where spinch plant has been cultivated continuously for over 6 years.
Effects
of temperature and spore density in soil on the wilt incidence pathogenic isolate (F-68-16) from 1 to 106 spores/g dry soil. Unsterilized soil free from the wilt pathogen was used as a control. Fifteen test plants in three replicates were assessed in the wilt incidence in a 450ml glazed pot after 3-week of seeding, and the mean wilt percentage in each inoculated soil was shown in Fig. 3 .
The wilt symptom first appeared in seedlings grown in the inoculated sterilized soil and the wilt incidence at each spore level was higher in sterilized soil than in unsterilized soil. Wilted plants increased gradually with spore density and day after sowing.
All of the seedlings wilted in soils with 103 or more spores/g dry soil in sterilized soil after 2-week of sowing, and with 104 or more spores in unsterilized soil after 3-week, respectively.
The wilt incidence between sterilized and unsterilized soils differed where the spore densities were below 104/g dry soil.
The minimum spore denisity required for spinach wilt appears to be between 10 and 100 spores/g dry soil in unsterilized soil,
Discussion
In spinach cultivated fields, the wilt 700m sea level might be due to the high soil temperature. The wilt disease occurred in inoculated unsterilized soil with minimum spores of 10 and 100/g dry soil.
On the other hand, propergules of the pathogen were more over the minimum spore density required to cause the wilt disease in every field irrespective of soil types, cropping histories and the field elevation.
Therefore, it is likely that the wilt disease may become more severe in summer spinach production areas.
